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To all whom it may concerr:

Beit known that I, EDWIN F. NORTHRUP, a
citizen of the United States, residing at I3al-
timore, in the State of Maryland, have 1n-

5 vented certain new and useful Improvements
in Electric Cirenits; and Ido hereby declare

the following to be a full, clear, and exact de-

“seription of Lheinvention such as will enable
others skilled in the art to ‘which it apper Ismns
10 to make and use the same.

My invention relates to improvements in
electric circuits, and more especially to tele-
oraph orother circuits employing alternating
orother periodically-varying electric currents

15 for the transmission of intelligence; and the
objects of my invention are, ﬁrst to prevent
mutual magnetic induction between such eir-
cuits and neighboring lines; second, to.pre-
vent the flow of foreign direct currents from

20 earth through the main-lineinstruments, and
in general to isolate these instruments from
outsidedisturbing currents. I accomplishthe
first of these objects by dividing the line to
be protected, preferably where 1t lies 1n prox-

25 imity to another line, into sections or sub-
cireuits, in each of which at a ogiven instant
the euuent flows in the 0pp051te direction to
that in an adjacent section and in this way
neutralizing the inductive effects of one sec-

so tion by those of an adjacent section. This is
done byinserting in the line a series of trans-

formers or their equivalents and connecting
these in the manner hereinafter described

and shown. By locating one of these trans-
35 formersat each terminal station I am enabled
also to operate the main-line instruments en-
tirely disconnected froin earth, notwithstand-
ing the intermediate line is grounded, and in
this manner to prevent the flow of foreign
40 currents, such as trolley-currents, on to that
part of the line in which said instr aments are
connected.
In order to more fully deseribe my said in-
vention, reference will be had to the accom-
45 panying drawing, in which— |
A and B represent terminal stations con-

nected by a line constructed accordmﬂ* to my

invention.
Cand C 1eplesenb main- lme receiving-re-

so lays; D and D', transmitters; E, any source

| electric currents, preferably an alternating-

i current dynamo, and F', F?, F¢, and F* a se-

| receiving apparatus and is entirely discon-
| nected from earth, which, as in the case of

ries of transformers.

The special form of telegraph-line w hich I 55
have selected for illustrating the principle of
my invention is, with the exception of the
transformer connections, fully described in

‘the application of Henrietta H. Rowland, ad-

ministratrix of Henry A. Rowland, for im- 6o
provements in telegraphie dlstrlbutmn filed
July 24, 1901, and serially numbered 69 523,
and d_esignated therein a ‘‘reflected wave ”
line. The character of the line, however,
whether reflected wave, duplex, or simplex
forms no part of my mventlon it being ap-
plicable to all. -

In applying my invention to the form of

line illustrated I preferably connect the ter-

minals of the dynamo-circuit to the primary 7o
of a transformer F' and connect one of the

terminals of the secondary of this transformer

to the main line and the other to earth. In
this way the apparatus, such as the maln-
line recewmﬂ'-relay connected in the dynamo-
circuit, is as far as direct currents are con-
cerned entirely diseconnected from earth.
The second section of the line comprises the
secondary of transformer F', the primary of

transformer F% the line connecting the two,

75
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and the earth. Similarly the next section
‘comprisesthe secondary of one of its terminal

transformers, the primary of the other, the
line eonnectmn‘ the two, and the earth, and
the same holds true relative to all of the inter-
mediate sections., There may be as many in-
termediate sections as desired and the trans-
formers distributed at any desired intervals,
though it is preferable that the sections out-

side of the terminal stations be of even num- go

Dber. Theterminal transformer 4 however,has
its primarv only connected to earth, while 1ts

secondary farnishes the current for the local

95
the dynamo end of the lme, places the appa-
ratus-located in its circuit beyond the dis-

turbing influences of foreign direct currents

| which might otherwise pass on to the line.

The connections of the secondaries are
crossed, as shown, in order to produce the op-

100

of ftlternatmg or other permdmally— varying | posite ﬂow of current in adjacent sections, as
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thecurrentin the primary of each transformer
differsapproximatelyone hundred and eighty
degrees in phase from that in the secondary.
The arrows indicate the directions of the cur-
rents at a given instant. It is, however, 1m-
material in which direction the current flows
inthecircuit atterminalstation 3. Hence the
connections with the secondary of transform-
er I'* may be made either direct, as shown, or
crossed, as in the case of the. transformers
located along the line. Likewise it is imma-
terial whether'the current in the line at sta-
tion A flows in the same or opposite direction
from that in the adjacent sections; but with
the intermediate sections of the line this 1s
material, since the non - mutual inductive
character of the line is due to the neutraliz-
ingeffects produced by the oppositely-lowing
currents in the successive sections,

It is well known that the most obvious way
of preventing mutual induction between
lines is to employ a return-wire parallel to
and near the first, in which case the currents
induced on one wire would be neutralized by
those resulting from the same induction on
the other. This method, however,is of value
only when the wires are near each other and
equally near the disturbing wire. In con-
tradistinetion to this idea my invention does
not contemplate the employment of a re-
turn-wire or any of the various devices which
have hitherto been resorted tofor the preven-
tion of mutual induetion; noris myinvention
confined in its application to telegraph-lines
alone, as the principle applies alike to all
lines carrying alternating or other period-
1cally-varying currents; but

What I do claim as my invention, and de-

sire to secure hy Letters Patent of the United

States, 18—

1. An electric cireuit for the prevention of
mutnal magneticinduction between the same
and a neighboring conductor, comprising a
plurality of sections in which current in one
section flows in an opposite direction from
that in an adjacent section, whereby the mu-
tual magnetic effect on an adjacent condne-
tor, of one section, is neutralized by that of
an adjacent section, and a source of period-
ically-varying electriec ecurrent connected to
said eircuit, substantially as described.

2. An electrie cirecuit for the prevention of
mutual magnetic induection between the same

and aneighboring conductor,said circuitcom-

prising a plurality of sections in which the
current flow is opposite in adjacent sections,
the mutual magnetic inductive eflect of one
section being neutralized by that of an adja-
cent section, transformers inducing the cur-
rent from one section to the next and a source

of alternating or other periodie electric cur- |

796,734

as described. |

3. An electric circuit for the prevention of
mutual magnetic induction between the same
and a neighboring conduactor,said circuit com-
prising aseries of transformers, a metallic con-
duector and ground, the primary of one frans-
former being connected to the secondary of
the next adjacent transformer over said main
line and the earth, by which the said circuit
is divided into sections, the current flow 1n
adjacentsections being in opposite directions,
whereby the mutual magnetic inductive ef-
fect of one section on a neighboring conduc-
tor is neutralized by that of an adjacent sec-
tion, and a source of alternating or other pe-
riodically-varying electric current connected
to said circuit, substantially as described.

4. An electric cireuit for the prevention of
mutual magnetic induction between the same

and aneighboring conductor,said ¢ircuit com-

prising a plurality of grounded intermediate
circuits, transformers inducing carrents from

one cireait on to the next, and terminal cir-
cuits disconnected from earth andinductively

connected to the intermediate sections.

5. An electric eircuit for the transmission
of intelligence and for the prevention of mu-
tual magnetic induction between the same
and a neighboring conductor,said circuit com-
prising local terminal circuits disconnected
from earth, a series of grounded circuits lo-
cated between the terminal circuits, and in-
ductive means forimpressing the current suc-
cessively from one of said circuits on to the
next.

6. An electric circuit for thé transmission
of intelligence and for the prevention of mu-
tual magnetic induction between the same
and aneighboring conductor,said circuiti com-
prising local terminal circuits disconnected
from earth, main-line apparatus located In
said circuits, a grounded main-line cireuit be-
tween the terminal cireuits, and inductive
means forimpressing the currentsuccessively
from one of said ¢ircuits on to the next.

7. An electrie circuit carrying alternating
or other periodically-varying currents for the
transmission of intelligence, comprising local
terminal circuits disconnected from earth, a
grounded line-circuit, and transformers in-
terposed between the terminal circuits and
the main-line circuit by which currents are
induced from one circuit on to the next.

In testimony whereof I affix my signature
in presence of two witnesses.

EDWIN F. NORTHRUP.

Witnesses:
JOHN H. HoLt,
GRAFTON L. McCcGILL.

| rent connected to said circuit, substantially
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